For Reference
Not to be taken from this room The permeability of gases in fUsed silica at moderate pressures has been studied extensively over the past half century and is reviewed in recent publications.
1 ' 2 ' 3 At moderate pressures the solution of the gas in the glass is reasonably dilute, i.e. the mole fraction of He ~n Si02 at 1 atm is ~ 10-5 • If Henry's Law is applied to the physical solution of a gas in a solid, it can be shown that the Permeability = DiffUsivity x Solubility. A statistical model describing the gas solubility has been derived by Studt, Shackelford, and Fulrath; 4 however, no attempt has been made to obtain a comparable quantitative model for the diffusion process.
It is assumed that a reasonably idealized diffUsion model can provide a worthwhile explanation of this physical process. Therefore, this paper proposes the application of a statistical mechanical model for the diffusion of helium gas in fused silica glass. If this temperature dependence is accounted for, the experimental data appear to be described by only one activation energy over the entire temperature range. Consequently, they have argued that the Arrhenius expressions should be written as
where N = 1/2 or 1. Shelby found empirically that 0 N = 1 gave the best fit and noted that this was to be expected from the theory of absolute reaction rates 9 which predicts a pre-exponential term proportional to T. This is correct; however, the pre-exponential also contains partition functions which are temperature dependent. These art ·t· fun t" t · t h hv/ 2 kT hi h th p ~ ~on c ~ens con ~n erms sue as e w c cause e propertionality between the pre-exponential and the temperature to be somewhat more complex than simply T. The diffusion model used here which is based on statistical mechanics shows that D is a complicated function of 0 temperature. The entire pre-exponential factor, not just the first terms, must be considered when evaluating any temperature dependence.
As in the type of statistical model proposed for surface diffusion 10
and previous solubility models, 4 ' 11 ' 12 the vibrational motions of the dissolved gas atom will be treated as Einstein oscillators and the translational motion as that of the momentum of a particle in an element 
MODEL
In order to obtain a diffusion model, the structure of the host material must be known. This model will be based on the structure of fused silica which has been described as a disordered form of S-cristobalite by Hicks. stated that it is difficult to apply the dilation concept because one cannot define exactly how large the doorway must be dilated to permit movement of any given atom.
It is assumed that the process of gas atom movement between sites in the glass is a random walk process with an equilibrium established between atoms in solubility sites· and those moving between sites (in a "doorway"). Therefore, at any temperature there is a certain fraction -4-LBL-847 Rev.
of atoms in the solubility sites and a certain fraction moving between sites. These fractions vary with·temperature. Since about one in 10 5
sites in fused Si02 is occupied, it is highly improbable that neighbor~ ing sites will be occupied. Thus the diffusing species can be assumed to be moving in a truly random fashion. Hi11 10 has shown that the number of atoms crossing a potential barrier ( "doorwey-") /unit time is
where N* = the number of atoms in a"doorwey'~ k = Boltzmann's constant, Combining the above expressions,
When an atom moves from one site to a neighboring site, it must pass over a potential barrier, E , which is the result of attractive and 0 repulsive forces of the solid acting upon the dissolved gas atom. This potential barrier is the difference in energy of the atom in the center of a solubility site relative to the same atom in the center of the "doorway" at the top of the potential barrier. This amount of energy, E , which the atoms must acquire to move between sites is essentially 0 the activation energy, 9 Llli, for diffusion. For further discussions, it will be assumed that the activation energy is independent of temperature. 
where K = the permeability, N = the number of solubility sites/cc and s ~ is the activation energy for permeation. Figure 3 shows the per- 
